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© Process for production of chlorine dioxide. 



<57> The present invention relates to a process for production of chlorine dioxide by reacting in a reaction vessel 
an alkali metal chlorate, a mineral acid and methanol as a reducing agent in proportions to generate chlorine 
dioxide in a reaction medium maintained at a temperature from about 50 *C to about tOO'C and an acidity 
within the interval from about 2 to 4.8 N and subjected to a subatmospheric pressure sufficient to effect 
evaporation of water. A mixture of chlorine dioxide and water vapour is withdrawn from an evaporation region in 
the reaction vessel and an alkali metal salt of the mineral acid is precipitated in a crystallization region in the 
reaction vessel. The reaction is performed in the presence of a catalyst, which comprises a metal or a 
combination of two or more metals being selected from the group consisting • of antimony, molybdenum, 
technetium, ruthenium, rhodium, palladium, rhenium, osmium, iridium, platina, or a combination of one or more 
of these with manganese or vanadium. 
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Process for production of chlorine dioxide 



The present invention relates to a process for production of chlorine dioxide from an alkali metal 
chlorate, a mineral acid and methanol as a reducing agent. The process is carried out at low acidities. 
According to the invention the reaction conditions are improved by the use of certain metai catalysts. The 
process is carried out in a vessel operated under subatmospheric pressure, whereby water is evaporated 

5 and withdrawn together with chlorine dioxide and the alkali metal salt of the mineral acid is crystallized 
within the reaction vessel and withdrawn therefrom. 

Chlorine dioxide used as an aqueous solution is of considerable commercial interest mainly in pulp 
bleaching but also in water purification, fat bleaching, removal of phenols from industrial wastes, etc. It is 
therefore desirable to provide processes by which chlorine dioxide can be efficiently produced. 

10 It is known to produce chlorine dioxide by the reduction of alkali metal chlorate in a water based acidic 
reaction medium. Different reducing agents can be used. In US patents 3,563,702 and 3,864,456 the 
preparation of chlorine dioxide with chlorine as a reducing agent is described. The predominant chemical 
reaction involved in such processes is summarized by the formula 
CI0 3 " + Or +2H + -— CIO2 + ICb + H 2 0 [1] 

75 The chlorate tons are provided by alkali metal chlorate, preferably sodium chlorate, the chloride ions by 
alkali metal chloride, preferably sodium chloride, or by hydrogen chloride, and the hydrogen ions by mineral 
acids, normally sulfuric acid and/or hydrochloric acid. The reactants are continously added and the reaction 
is performed in one single reaction vessel, generator - evaporator - crystallizer, at a temperature from about 
50 to about 100* C and with an acidity from about 2 to about 12 N. 

20 In the production of CIO2 using chloride ions as a reducing agent according to formula [1] chlorine gas 
is formed as a by-product. This chlorine gas by-product has formerly been used as such in the paper mills 
as a bleaching agent in aqueous solution. Today there is a tendency towards a more extensive chlorine 
dioxide bleaching for environmental reasons and thus there is a decreasing need for chlorine as a bleaching 
agent. 

25 It is also known to use reducing agents, which do not produce chlorine. In US patent 4,770,868 
methanol is used as a reducing agent. The reaction proceeds according to the formula 

6NaCI0 3 +CH 3 OH + 4H 2 S04— 6CI0 2 +C02 + 5H 2 0 + 2Na 3 H(S04)2 [2] 

However, the direct reaction between chlorate ions and methanol is very slow and the true reducing 
agent in this case is chloride ions reacting according to [1], The chlorine produced is then reacting with 
30 methanol to regenerate chloride ions according to the formula 
CH 3 OH + 3CI 2 + H 2 0-*6Cr + C0 2 + 6H [3] 

It is therefore often necessary to continously add a small amount of chloride ions in order to obtain a 
steady production. 

Chlorine dioxide production can be performed within a wide acidity interval, usually 2 - 11 N. From a 
35 corrosive point of view it is advantageous to work at a low acidity as corrosion increases with increasing 
acidity. Another advantage in performing the reaction at a low acidity is that the precipitated alkali metal 
sulfate is neutral, no acid is coprecipitated, which occurs at a higher acidity. Therefore no extra neutraliza- 
tion step is required for the salt precipitated. A low acidity refers to the interval between about 2 and about 
4,8 N. However, a disadvantage with chlorine dioxide production within this interval is that the reaction 
40 proceeds very slowly. It is known that the reaction speed can be increased when using chloride as a 
reducing agent by the use of a small amount of catalyst. Proposed catalysts are i.a. vanadium pentoxide, 
silver ions, manganese ions, dichromate ions and arsenic ions. 

In US patent 4,145,401 a process for increasing the efficiency in chlorine dioxide production with 
chloride as a reducing agent at a low acidity is described. By using small amounts of methanol together 
45 with the chloride the yield of chlorine dioxide can be increased. The yield is gradually increasing with an 
increasing addition of methanol up to 0,1 ton/ton CIO2. Additions of methanol above this level gives a most 
inefficient chlorine dioxide formation of the same type as in the Solvay process. It is also mentioned that 
catalysts such as silver and manganese ions can be used but it is not necessary in order to obtain a high 
efficiency. 

50 The processes using methanol as a reducing agent are usually performed at an acidity above 4,8 in 
order to obtain an acceptable reaction speed. Even. if it is noticed that the above mentioned catalysts for 
chloride also can b used together with methanol, they do not in practice give a process being efficient 
enough. 

The present invention as it appears from the claims provides an improved process for production of 
chlorine dioxide with methanol as a reducing agent at an acidity from about 2 to about 4.8 N. It has 
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surprisingly appeared that the reaction speed can be considerably increased in chlorine dioxide production 
at a low acidity with methanol as a reducing agent if the reaction is performed in the presence of a catalyst, 
which comprises a metal or a combination of two or more metals being selected from the group consisting 
of antimony, molybdenum, technetium, ruthenium, rhodium, palladium, rhenium, osmium, iridium, platina or 

s a combination of one or more of these with manganese or vanadium. Particularly good results were 
obtained with the combinations palladium and antimony, palladium and manganese, and palladium and 
molybdenum. However, silver and/or manganese, which are known catalysts when chloride is used as a 
reducing agent, did not give any catalytic effect. 

It has also surprisingly appeared that when the reaction is performed in the presence of these catalysts 

70 it is possible to maintain a high yield even when the temperature in the reactor is increased. Usually the 
yield decreases with increasing temperature as chlorine dioxide is decomposed at elevated temperatures. 

The catalysts according to the invention are used in the form of soluble salts or complexes, such as 
e.g. chlorides and sulfates. They are added in such an amount that the concentration in the reactor solution 
is 0.001 to 10 mM, preferably 0.01 to 5 mM. The catalysts are added to the reactor as a solution, 

75 intermittently if required or continuously with a lower regular flow. 

The production of chlorine dioxide according to the present process is performed in one single reaction 
vessel, generator - evaporator - crystallizer. A suitable reactor is a SVP© (single vessel process) reactor. 
The reactants are added continuously to the reactor. The alkali metal chlorate is added in an amount of 1 .58 
to 2.0 ton/ton chlorine dioxide. The reaction is advisably performed at a temperature of 50 - 100* C, 

20 preferably 50 -75* C, and a pressure below atmospheric pressure, preferably at 60 - 400 mm Hg. Then the 
reaction medium boils or water is evaporated in an amount sufficient to dilute the chlorine dioxide formed to 
a safe concentration. The acidity in the reactor is maintained between 2 and 4.8 N by the addition of sulfuric 
acid or another mineral acid. In the reactor the alkali metal salt of the mineral acid is continuously 
crystallized and is separated in an appropriate way. In order to avoid production losses during start and at 

25 production changes an addition of a small amount of chloride ions is appropriate, preferably in the form of 
alkali metal chloride, so as to maintain the concentration thereof in the reactor within the interval from 0.001 
and up to 0.8 moles per litre. The process is not limited to any of the alkali metals, but sodium is the most 
preferred one. 

The invention is illustrated by means of the follow ing examples, where parts and percentages mean 
30 parts by weight and percentages by weight, unless otherwise is specified. 



Example 1 

35 To a chlorine dioxide reactor 247 g/h NaCIOa. 3 g/h NaCI, 26 g/h methanol and 50 % sulfuric acid were 

added to a normality of 4 N. The reactor was working continuously at a subatmospheric pressure, 150 mm 

Hg absolute, and a temperature of 70* C. 

The amount of sodium chlorate in the reactor increased in the course of the experiment from 2.3 to 4.2 

M, which implied that oniy 43 % of the chlorate added was converted. Thus the reaction speed was very 
40 low and the chlorine dioxide production was only 75 g/h. The yield of chlorine dioxide based on the chlorate 

converted was 90 %. 

Example 2 
45 ~~ 

Reaction conditions in accordance with Example 1 plus additions of PdCb and MnSO* to a concentra- . 
tidn of 1 mM each in the reactor solution. PdCte and MnSO* were added as once-for-all doses, not 
continuously. 

During this experiment the chlorate concentration was not increased in the reactor solution and the 
so actual CIO2 -production during the experiment of the duration of 3 h was 151 g/h with a yield of 96 % of 
reacted NaClCh. This is thus a doubled production in comparison with the production without a catalyst. 



Example 3 

This experiment shows the effect of an increased pressure (increased temperature) on the yield. 

353 g/h NaCIOa. 
4 g/h NaCI, 

3 
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76 g/h MeOH 50 wt%, and 

50 wt% H 2 SO* in order to maintain the acidity at 4 N were added continuously to a reactor working at a 
pressure of 90 mm Hg absolute and during boiling at 63 * C. CIO2 and CI2 gas plus solid sodium sulfate salt 
were continuously removed. At a steady state an average value for % GA 1 of 93 % was obtained (GA = 
Gram Atom Percent chlorine dioxide). 

In a second experiment, identical with the experiment above except for pressure and temperature, now 
being 200 mm Hg and 81 * C respectively, an average value for % GA 1 of 89 % was obtained at a steady 
state. 



70 



GA % CI 



CI in ClOo 



2 a CI in C10 2 + CI in Cl 2 



75 



Example 4 



20 



Reaction chemicals were added in accordance with Example 1 to the same reactor working continu- 
ously, now at a pressure of 250 mm Hg and a temperature of 83* C. PdCb and MnSO* were present in the 
reactor solution to a concentration of 1 mM each. 

An average value for % GA of 98 % was obtained. Solid sodium sulfate was continuously removed. 



25 



Example 5 



In a CI02-reactor working at the following concentrations 





H2SO4 


2.01 M 


30 


NaCIOa 


0.80 M 




NaCI 


0.021 M 




CH 3 OH 


0.183 M 



35 



40 



and at 40* C a chlorine dioxide production of 0.1 g/l,h was obtained. At the addition of a silver and 
manganese catalyst an unchanged production level of 0.1 g/!,h was obtained (0.8 mM Mn and 0.03 mM Ag). 
When a palladium and manganese catalyst was added instead of Ag and Mn a strongly increased 
production of 2.2 and 2.4 g/l,h at 0.08 and 0.8 mM Pd respectively and 0.8 mM Mn was obtained. 

Experiments with other catalysts alone and in combination in the same reactor gave results according to 
the table below: 



45 



50 , 
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Catalyst 


Cone. 


Production of 
CIO z 


mM 


g/l,h 


Pd 


0.8 


0.8 


Sb 


0.8 


1.2 


Mo 


0.8 


1.1 


V 


0.8 


. 0.4 


Ag 


0.02-0.03 


0.1 


Mn 


0.8-4 


0.1 


Or 


0.8-4 


0.1 


As 


\ 0.08-0.4 


0.1 


Pd + Sb 


each as above 


3.0 


Pd + Mo 




2.0 


Pd + Mn 


a m 


2.3 


Pd + V 


** ; 

mm 


1.0 


Sb + Mo 


_ n 


1.6 


Sb + V 




1.6 


Mo + V 


^ ft 


1.5 


Without catalyst 




0.1 



25 

Claims 

1. A process for production of chlorine dioxide by reacting in a reaction vessel an alkali metal chlorate, 
a mineral acid and methanol as a reducing agent in proportions to generate chlorine dioxide in a reaction 

30 medium maintained at a temperature from about 50 "C to about 100* C and an acidity within the interval 
from about 2 to 4.8 N and subjected to a subatmospheric pressure sufficient to effect evaporation of water 
whereby a mixture of chlorine dioxide and water vapour is withdrawn from ah evaporation region in the 
reaction vessel and an alkali metal salt of the mineral acid is precipitated in a crystallization region in the 
reaction vessel, characterised in that the reaction is performed in the presence of a catalyst, which 

35 comprises a metal or a combination of two or more metals being selected from the group consisting of 
antimony, molybdenum, technetium, ruthenium, rhodium, palladium, rhenium, osmium, iridium, platina or a 
combination of one or more of these with manganese or vanadium. 

2. A process according to claim 1, characterised in that the catalyst comprises a combination of 
palladium and antimony, palladium and manganese or palladium and molybdenum. 

40 3. A process according to claim 1, characterised in that the catalyst comprises a combination of 
antimony and molybdenum, antimony and vanadium or molybdenum and vanadium. 

4. A process according to claim 1 . characterised in that the catalyst is added in the form of a solution of 
soluble salts or complexes in such an amount that the concentration in the reaction medium is 0.001 to 10 
mM. 

46 . 
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